This study explored urinary cadmium levels among Torres Strait Islanders in response to concerns about potential health impact of high levels of cadmium in some traditional seafood (dugong and turtle liver and kidney). Cadmium levels were measured by inductively coupled mass spectrometry in de-identified urine samples collected during general screening programs in 1996 in two communities with varying dugong and turtle catch statistics. Statistical analysis was performed to identify links between cadmium levels and demographic and background health information. Geometric mean cadmium level among the sample group was 0.83 mg/g creatinine with 12% containing over 2 mg/g creatinine. Cadmium level was most strongly associated with age (46% of variation), followed by sex (females 4males, 7%) and current smoking status (smokers 4non-smokers, 4.7%). Adjusting model conditions suggested further positive associations between cadmium level and diabetes (p ¼ 0.05) and residence in the predicted higher exposure community (p ¼ 0.07). Positive correlations between cadmium and body fat in bivariate analysis were eliminated by control for age and sex. This study found only suggestive differences in cadmium levels between two communities with predicted variation in exposure from traditional foods. However, the data indicate that factors linked with higher cadmium accumulation overlap with those of renal disease risk (i.e. older, females, smokers, diabetes) and suggest that levels may be sufficient to contribute to renal pathology. More direct assessment of exposure and health risks of cadmium to Torres Strait Islanders is needed given the disproportionate level of diet-related disease and the cultural importance of dugong and turtle. This study highlights the need to consider social and cultural variation in exposure and to define ''safe'' cadmium levels during diabetes given its rising global prevalence.
Introduction
Toxic metals, such as lead, cadmium and mercury, are of concern for human health because they bioaccumulate in the food chain, are of no use to the body (in contrast to essential trace elements) and damage health at levels above tolerable exposure limits (World Health Organisation, 1992) . Cadmium accumulates in the liver and kidney cortex. Early studies suggested that irreversible microproteinuria occurs in approximately 10% of exposed workers when cadmium in the kidney cortex exceeds 200 p.p.m. or 10 mg/g creatinine in urine (Roels et al., 1991; World Health Organisation (WHO), 1992) . More recent population-based studies reveal markers of renal tubule damage at cadmium levels ranging from less than one to three mg/g creatinine in urine (Buchet et al., 1990; Jarup et al., 1998 Jarup et al., , 2000 Hellstrom et al., 2001; Noonan et al., 2002; Satarug et al., 2003; Akesson et al., 2005) . A recent study has suggested a causal link between cadmium and diabetes (Schwartz et al., 2003) . Advanced age, diabetes and underlying renal problems increase susceptibility to cadmium-related damage at lower exposure levels but this remains poorly defined (Buchet et al., 1990; Roels et al., 1991; WHO, 1992; Satarug et al., 2000 Satarug et al., , 2003 Akesson et al., 2005) .
The primary route of exposure to cadmium for the general population is through food, although not generally considered a health concern, and tobacco smoking. In Australia certain foods contribute significantly to cadmium intake due to high consumption levels (ANZFA, 1998; FSANZ, 2003; Satarug et al., 2003) . Seafood (notably crustaceans, molluscs) and organ meat (kidney, liver) contain more cadmium than other foods but are considered minor contributors to cadmium exposure due to small quantities eaten according to Australian dietary data and modeling (ANZFA, 1998; Codex Alimentarius Commission, 1998; FSANZ, 2003) .
The Great Barrier Reef Marine Park Authority and more recently, the Torres Strait Regional Authority, completed two studies of trace metals in sediments, indicator organisms and some marine foods of Torres Strait Island communities (Gladstone, 1998; Haynes and Kwan, 2001 ). These studies reported cadmium levels well above maximum permitted concentrations (if sold commercially) in the offal (kidney, liver and intestine) of dugong (sea cow, related to the manatee) and turtle and in crayfish heads. These are important traditional foods for Torres Strait Islanders and some Aboriginal peoples (Boigu Island Community Council, 1991) .
Both studies (Gladstone, 1998; Haynes and Kwan, 2001 ) estimated that a small quantity of turtle and dugong liver and kidney, if consumed regularly, would exceed the provisional tolerable weekly intake for cadmium set by WHO (1992) . The Health Department issued a warning against eating offal from these animals to avoid excessive cadmium intake. Despite documented high levels of cadmium in these foods, it remains unclear if cadmium poses a significant threat to the health of Torres Strait Islanders because the following remains unknown: the total amount of cadmium people ingest and inhale through diet and smoking, how much cadmium in seafood is bioavailable and how much is absorbed in the body, how much cadmium is ''safe'', given the high prevalence of diabetes and renal disease.
Urinary cadmium levels are generally considered a good indicator of body burden in exposed individuals and thus simultaneously indicate environmental exposure, absorption and potential health risk (Nordberg and Nordberg, 1988; Trevisan et al., 1994; Vahter et al., 1996; Choudhury et al., 2001 ). The present study investigated urinary cadmium levels among Torres Strait Islanders to indicate whether they may be high enough to contribute to the high burden of renal disease.
Methods

Study Communities
Community 1 is located in a high dugong and turtle catch area. The second community has similar access to turtles, abundant crayfish, but no dugong are caught (although obtainable through traditional means). Estimated catch data confirm these profiles (Skewes et al., 2002) . Both islands reported 200-250 residents in the 1996 census with approximately 60% over age 14.
Community Programs
Voluntary adult (415 years of age) health screening was performed in 1996 in these two Torres Strait Island communities following an invitation from the communities to the regional public health unit (Leonard et al., 2002) .
Participation involved answering a questionnaire recording age, current smoking status and other information, measurements (height, weight and bioimpedence) and blood pressure. Early morning urine and blood samples were collected from all attendees, stored at À201C and tested for albumin creatinine ratio, fasting blood glucose and, if indicated, glucose tolerance by accredited government pathology laboratories. Program staff estimated that 60% to 70% of the eligible population over age 19 years and present in the two communities, with poorer coverage among teenagers. These are rough estimates of coverage because of high mobility of the population and lack of records of who was away at the time.
Examining Samples for Toxic Metals
With the release of information about cadmium in some traditional seafood, the Torres Strait District Health Council, which represents the health interests of the Indigenous people of the region, sought information about chronic exposure to cadmium in this population. With the Health Council's permission, health authorities provided de-identified leftover urine samples from the health screening program described above for analysis in 1997. This additional process was consistent with the existing ethical guidelines obtained for the overall screening program. General feedback on the study's findings was provided to many island communities and a detailed pamphlet on cadmium was developed and distributed. The Health Council also approved the subsequent publication of this information.
Although the cadmium study was ''added on'' after the completion of the health screening programs, scientific quality collection devices, collection, storage and analysis procedures and accredited laboratories used throughout the study suggest that inadvertent contamination with or loss of cadmium is considered unlikely.
Analysis of trace metals was performed using controlled standard procedures and materials by inductively coupled mass spectrometry (ICP-MS) at the Queensland Department of Primary Industries (Perkin-Elmer Sciex ELANt). This laboratory successfully participated in National Oceanic and Atmospheric Administration (NOAA) Eighth Round International comparison for Trace Metals in Marine Sediments and Biological Tissues. Digestion procedures were accredited by the National Association of Testing Authorities (NATA). The detection limit for cadmium was 0.1 mg/l (Gladstone, 1998) .
Statistical Analyses
Data were analysed using SPSS Version 14. Variables were tested and log-transformed to normality where necessary before statistical analysis. Six samples had very low creatinine level (o3 mmol/l) but were included as they did not selectively influence the analysis. Cadmium levels were expressed as mg cadmium per gram creatinine and log transformed for all analysis with geometric means (GM) used in figures. Single and multiple variable analyses were performed using crosstabulation, correlation, analysis of variance (ANOVA) and multiple linear regression. Age was entered as a continuous variable in regression analyses and as 10-year age groups for graphing and when exploring age-related patterns between communities. Multiple regression modeling using stepwise entry and backward stepwise removal was performed to estimate the relative contributions of individual variables to cadmium levels. Associations with probability values below 0.05 were considered statistically significant, but a cutoff of 0.10 was used for removal of variables when using enter and backward removal method of regression modeling.
Results
Description of the Sample Group
Urine samples were previously collected from a total of 126 Torres Strait Islander people. Of them, 67 were residents of Community 1 and 59 residents of Community 2. The average age was 36.2 years (range 15-76 years) and did not differ significantly by gender (ANOVA, F ¼ 0.32, p40.05). In all, 48 people (38%) identified themselves as current smokers, while 78 (62%) reported being current non-smokers. Further detail on smoking history was not available. Fasting blood glucose and 2 h glucose tolerance tests indicated that 89 people (71.8%) were within normal values for both tests. Of 124 people tested, 28 (22.6%) had a fasting blood glucose level of 7.8 mmol/l or greater and/or a 2 h glucose test result over 11.0, indicating diabetes. A further seven people (5.7%) were glucose intolerant based on a normal fasting glucose levels (o7.8 mmol/l), and a 2 h glucose of between 7.8 and 11.0 mmol/l.
Patterns and Determinants of Cadmium Levels
Urinary cadmium levels were not evenly distributed in the sample group (Figure 1) . In all, 56.3% (71 samples) contained less than 1 mg of cadmium/g creatinine, 40 samples (31.7%) ranged between 1 and 1.99, while 11.9% (15) contained 2 or more mg cadmium/g creatinine ( Table 1 ). The highest three samples contained 4.76, 5.35 and 5.95 mg cadmium/g creatinine.
The GM cadmium to creatinine ratio for the group was 0.83 mg/g (95% confidence limits 0.73-0.95; arithmetic mean 1.07). Levels steadily increased among 10 year age groups up to 60 years and over with a slight decline in the oldest age group (age: ANOVA, F ¼ 23.1, df 5, 120, po0.001, Figure 2 ). Females excreted higher cadmium levels compared to males across all age groups and the difference was highly significant (ANOVA F ¼ 12.5, df 11, 114; p ¼ 0.001; Figure 2 ).
Significantly higher cadmium levels and a higher proportion of samples with over 1 and 2 mg per gram creatinine were also observed among people with diabetes (GM ¼ 1.37, n ¼ 28) compared to those without (GM ¼ 0.71, n ¼ 96) (diabetes: F ¼ 18.4, df 1, 123, po0.001; see Table 1 , Pearson's w 2 19.0, df 2, po0.001). Levels correlated positively with estimates of total body fat (Pearson's r ¼ 0.18, n ¼ 124, po0.05) and more strongly with percent body fat (r ¼ 0.31, po0.001). However, controlling for age and sex attenuated these associations (F ¼ 0.32, df 3, 114, p ¼ 0.57).
Inclusion of age and gender in analysis revealed strong links between higher cadmium and smoking (Analysis using single year age group, smokers: F ¼ 13.5, df 4, 121, po0.001) and a significant interaction between 10-year age group and community (see Figure 3 , community: F ¼ 2.7, df 21, 104, p ¼ 0.02). Cadmium levels were higher in younger groups in Community 1 but dropped more steeply in over 60 years age group compared to Community 2.
Multiple Regression Analysis Describing Factors Associated with Cadmium Level
Multiple regression analysis with stepwise entry was performed using cadmium per gram creatinine (log transformed) as the dependent variable and independent variables age (log transformed), sex, current smoking status, community and diabetes status and percent body fat. This revealed strengths of association controlling for a range of important variables. Age, sex and smoking status explained significant variation in cadmium level creating a model that described 57% of the variation in cadmium levels. Table 2 provides details of the predictor and excluded variables. Age explained 45.8% (based on adjusted r 2 ) of the variation in cadmium level while smoking status and gender increased the adjusted r 2 by 7% and 4.7%, respectively. Diabetes, community and percent body fat did not enter the model (p40.05).
In contrast to forward entry models, when all variables were entered into the model with backward removal of variables not associated with cadmium level (at pZ0.10), only percent body fat was removed. This model (see Table 3 ) retained diabetes status (diabetes associated with higher cadmium level) (p ¼ 0.05) and community (Community 1 with greater dugong and turtle catch numbers higher than Community 2); however, the latter did not reach statistical significance at the 5% level (p ¼ 0.07). This inclusive model explained 58.5% of variation in cadmium level. Figure 3. GM cadmium levels (mg/g creatinine) stratified by age and community among the 126 participants (67 from Community 1, 59 from Community 2). Sample sizes across the age groups (and communities respectively) are 10 (3, 7), 43 (22,21), 30 (13, 17) , 19 (9, 10), 12 (7, 5) and 12 (5, 7). Table 3 . Details of multiple regression analysis using backward stepwise removal of variables to examine variation in cadmium levels (log transformed mg per gram creatinine). 
Discussion
Different ways of reporting cadmium levels (e.g., using arithmetic as opposed to GM) and varying sample characteristics (e.g., age, sex, representation of smokers) makes direct comparisons across studies and regions difficult. The mean level of urinary cadmium in the population of two Torres Strait Islands (GM, 0.83 mg of cadmium per gram creatinine, arithmetic mean 1.07) and its distribution (88% of samples below 2 mg/g creatinine, 1.6% exceeding 5 mg/g creatinine) is higher than that reported for groups and populations in some uncontaminated areas (e.g., Satarug et al., 2003; Yassin and Martonik, 2004; Akesson et al., 2005) . For example, the estimated GM of cadmium among the general population and among workers of the US is 0.27-0.28 mg/g creatinine (Paschal et al., 2000; Yassin and Martonik, 2004) . Similar levels to those shown here have been reported in lead/zinc smelter areas of Belgium and Germany (arithmetic means 1.00 and 1.15 mg/g creatinine) (Staessen et al., 1994) . A large study across Japan reported that women aged 35-60 years excreted a GM of 1.3 mg/g creatinine, somewhat higher than 1.05 reported for women in this study. However, there were fewer older participants in this study probably due to the low life expectancy of Torres Strait Islander people. High cadmium levels and acute health effects were observed in highly contaminated areas of Japan (2.87 mg/g creatinine) (Honda et al., 2003) and China (2.4-14.5 mg/g creatinine) (Nordberg et al., 2002) . This study provides the first data on urinary cadmium levels among Indigenous residents of the Torres Strait, where levels of cadmium in the offal of some important traditional seafood are well above maximum permitted concentrations in commercially sold foods in Australia. Like many studies, significantly higher urinary cadmium levels were found with increasing age, among smokers compared to non-smokers, among women compared to men and, consistent with Schwartz et al. (2003) , among diabetics compared to non-diabetics.
The study found no significant difference in mean cadmium levels between samples from the two communities with a varying dugong and turtle catch after controlling for age, sex and smoking. However differences were observed in the age-related patterns of the two communities (Figure 3 ) and the inclusion of diabetes status in a multivariate model revealed higher than expected cadmium levels in the community with greater local availability of dugong and turtle. Cadmium levels decline at an earlier age in Community 1 (with a high dugong and turtle catch), which may reflect earlier cadmium loss from damaged kidneys (World Health Organisation, 1992; Satarug et al., 2003) . More sensitive studies are needed to explore links between cadmium and consumption of liver and kidney of these animals at an individual, rather than community, level.
Mean urinary cadmium levels in women (1.05 mg/g creatinine) were consistently higher than those of men (0.72 mg/g creatinine). Women consistently experience greater absorption and accumulation of cadmium probably linked to their lower body iron stores compared to men (Berglund et al., 1994; Vahter et al., 1996; Satarug et al., 2004) .
Cigarette smoking increases cadmium exposure since each cigarette contains 1-2 mg cadmium that is readily absorbed from the lungs (World Health Organisation, 1992) . Many studies show increased urinary cadmium among smokers, similar to our findings that smoking status explained significant variation in urinary cadmium levels among this sample. Unfortunately, the absence of detailed data on current or previous smoking exposure prevents further examination of the relative contributions of smoking and diet to cadmium exposure.
Higher cadmium levels were also observed among people with diabetes. While consistent with the findings of Schwartz et al. (2003) that suggest a role for cadmium in the development of diabetes, the present small study was unable to effectively separate overlapping risk factors between diabetes severity and cadmium accumulation. Nevertheless, it is concerning that people most susceptible to diabetes and renal damage are also more likely to accumulate higher cadmium levels (namely women of older age, smokers, with diabetes). McCulloch et al. (2003) reported a higher selfreported prevalence of smoking among Aboriginal and Torres Strait Islander people with diabetes compared to those without the disease in this region of Far North Queensland.
Nearly 12% of samples in this study contained levels of cadmium above 2 mg cadmium per gram creatinine; even lower levels are increasingly linked with markers of renal damage in the general population (Buchet et al., 1990; Jarup et al., 1998; Jarup et al., 2000; Hellstrom et al., 2001; Satarug et al., 2003; Akesson et al., 2005) . Although the ''critical effect level'' among people with diabetes remains undefined, there is ample evidence indicating that it is lower than that of otherwise healthy people (Buchet et al., 1990; Roels et al., 1991; Satarug et al., 2000; Satarug et al., 2003; Akesson et al., 2005) .
Renal disease, largely attributed to glomerulonephritis and type 2 diabetes, is a serious health problem in the Torres Strait and in Australian Aboriginal communities (Hoy, 1996; Leonard et al., 2002; AIHW, 2005) . It is identified in major strategies as a priority health problem needing applied research into its causes and prevention (Torres Strait and Northern Peninsula Area Health Council, 1993; National Aboriginal and Torres Strait Islander Health Council, 2000) . The high prevalence of chronic bacterial and parasitic infection, poor nutrition, low birth weight, high blood pressure and diabetic nephropathy all contribute to renal disease and may enhance the toxicity of cadmium. The critical effect level of cadmium given these multiple, underlying risk factors of renal disease, should be determined.
The health issues associated with cadmium are of concern for Indigenous populations across the world who gain much of their food from non-commercial sources and who often share an elevated level of diet-related disease, especially diabetes and renal disease (Chan et al., 1995; Kuhnlein and Chan, 2000) . Studies are needed to better understand the link between renal health and intake of these foods and tobacco across Indigenous populations and support more effective communication and management of this potentially important problem.
